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A STUDY OP THE RELATIVE lilERITS OP TWO METHODS OP 
INSTRUCTION IN PHYSICS LABORATORY WORK 
INTRODUCTION 
This is a changing world in which we live and 
although the basic laws of physics are the same today 
as they always have been, the applications change as 
our way of life changes. Therefore it may become 
necessary to find new methods of teaching from time 
to time even if the laws and principles to be taught 
are still the same. 
For years we have considered a laboratory course 
as an essential part of a complete course in physics. 
The predominating method has been to prescribe set 
experiments for the student to do either alone or 
with two partners. The student is provided with all 
necessary apparatus and materials and detailed written 
instructions. 
The State of New Hampshire requires a minimum of 
forty such experiments to be done by each public 
school student of an elementary course in physics 
and in order to meet this requirement the author of 
this problem, for certain reasons, has had to let 
several class room demonstrations count as regular 
experiments• 
Two years ago when a class of students was 
tested on laboratory work, it was noticed that the 
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experiments done as demonstrations were in general 
understood better than those done by the individual 
student. At least it seemed to the author that such 
was the case. However, just thinking a thing to be 
so does not prove it to be true; hence the author 
decided to do an experiment of his own before making 
any definite conclusion in regard to the relative 
merits of the two methods of teaching by experiment, 
the laws of physics. 
The immediate objective kept in mind by the 
author is instruction which will result in a maximum 
rating of his students on physics tests given by the 
College Entrance Examination Board. This means that 
values which do not contribute directly to what a 
student needs to do v/ell on these examinations are 
given secondary consideration. At present these 
examinations are so constructed that the student 
who has a clear understanding of the principles 
Involved will do well while one who does not under¬ 
stand will get a lower rating and a laboratory 
technic or memory of facts and formulas is of little 
help to him. 
STATEMENT OP PROBLEM 
To determine by which of the two following 
methods the student of physics will gain a 
better understanding of what the experiments 
are designed to teach him, the assumption being 
made that his rating on College Board Examina¬ 
tions will depend largely upon the clearness 
with which he understands the laws and prin¬ 
ciples Involved. 
FIRST METHOD: The individual method where 
the student working alone or with one or two 
partners does the experiment following detailed 
instructions from a laboratory manual. 
SECOND IffiTHOD: The demonstrational method 
where the class as a whole watches the teacher 
who does the experiment, asks questions and 
explains the work as the experiment is performed. 
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DEFINITION OP TERMS AND MEANING OP SYMBOLS 
Plan i or merely ”i”: The individual plan explained 
in the statement of the problem 
as the first plan# 
Plan d or merely "d”: The demonstrational plan as 
explained in the statement of 
the problem as the second 
plan* 
Code name of students: The letter represents the initial 
of the student*s name, the digits 
his I* Q* 
I, Q: Intelligence Quotient of student* 
Scores: Marks on the basis of 10 as 
perfect* 
I. Q. Diff*; The difference between the in¬ 
telligence quotients of two 
students subject to comparison 
and recorded in the column 
pertaining to the student whose 
I. Q* is the greater. 
Score Diff*: The difference between the 
scores made by two students 
subject to comparison and 
recorded in the column per¬ 
taining to the student making 
the higher score* 
N.: The niaaber of cases or pairs 
of students whose understanding 
of a given experiment is being 
compared. 
Class I* Q. Sum: The sum of the Intelligence 
quotients of a class of students 
being considered in the indicated 
experiment. 
Class I* Q. Average: The average I. Q* of the class 
considered* 
Average % Score; The average score changed to a 
per cent basis* 
% Difference: The difference in the average 
scores on a ^ basis and recorded 
in the column of the group making 
the higher score. 
- 5 - 
THE METHOD OP PROCEDURE. 
The intelligence quotients of the forty-four 
students taking physics were determined at this 
school (Kimball Union Academy) by the use of stan¬ 
dard tests. Two classes of equal mental ability 
were formed so that each student of one class 
could be matched with a student of the other class 
whose I.Q. corresponded within a few points. To 
keep a balance, each class was made to consist of 
an equal number of students from each of my two 
recitation classes* 
Each student provided himself with a copy 
of "Laboratory Exercises in Physics” by C. E. Dull. 
Twenty-two of the boys met every Monday at 
two o’clock and worked according to the first 
method in small groups. The other twenty-two 
students met every Tuesday at two o’clock and 
followed the second plan where the teacher demon¬ 
strated, asked questions and explained the ex¬ 
periment as it was done. Students of both classes 
were required to write reports of the expea^imenta 
according to the same standard requirements. 
About a week after the first series of seven 
experiments had been completed I used two consecu¬ 
tive recitation periods and gave an unannounced 
6 
test covering the material which the seven 
experiments included* These tests were care¬ 
fully scored v/ith the idea of giving each student 
a grade in proportion to his apparent understand¬ 
ing of the experiment* The questions had been 
made to test a student*s \inderstending rather than 
his memory or natural ability. 
The next series of seven experiments was done 
by the two classes with an exchange of plans and 
a second test given and scored as before. Copies 
of the testa and the tabulated results follow* 
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TEST ON PHYSICS LABORATORY EXPERIMENTS 1-9, 
1. A yardstick is marked with Inches on one side and 
equal units of length on the other side. The length 
of a table is then measured and fo\md to be 42,5 
inches long according to one side of the stick and 
122 units long according to the other side# Compute 
to the nearest tenth a value and place it in the 
appropriate blank space: 
One inch equals units. 
One unit equals _ Inches. 
2. What measurements must be made if one wishes to 
find the voliuoe of a rectangular solid? Of a 
regular cylinder? Make up simple values and 
compare volumes of the two solids mentioned. 
5, How can one measure the volume of an irregular 
solid? Make up possible values and get a numerical 
answer• 
4# (A) State five precautions to be taken when using 
a platform balance. 
(B) Compute the weight of a cubic centimeter of 
water, having given the following data; 
First burette reading 
Second burette reading 
Weight of empty beaker 
V/eight of beaker and water 
30 c.c. 
80 c.c# 
72 gm. 
121,8 gm. 
6. How do3'» liquid pressure vary with what two things? 
Sketch a graph indicating units which will show 
one of these laws. 
7. State Archimedes* Principle. Is the principle true 
for objects that are lighter than water? Is it true 
for objects that are heavier than water? Make a 
list of materials and things you would need to prove 
the principle by experiment. 
9. Explain how to find the specific weight of a solid 
that is heavier than water. Do the same for an 
object that is lighter than water. In each case 
make up possible values and get numerical answers. 
TEST ON PHYSICS LABORATORY EXPERIMENTS 13-21* 
13* a. Make a sketch of the apparatus used in the 
experiment on Hooke*s Law. 
b. State Hooke’s Law. 
c. If the zero reading taken with no weight on the 
pan was 21.5, and the reading with 20 grams on 
the pan was 29.5, what should the reading be 
with 40 grams on the pan? 
14. Make a diagram showing how two unequal forces acting 
at an angle of about 80^ with respect to each other 
may be held in equilibrium by a single force* ' Show 
the resultant of the two given forcer. 
16. A weight is hung as shown in figiire 16 on the board* 
Resolve the force exerted by the string PS into two 
components and find the value of each. 
18. Compute the weight which will produce equilibrium 
(in figure 18) when placed at the 40-cm. mark. 
Tabulate the clockwise moments and find their sum. 
19. State the laws of the pendulum. Explain how one 
could determine the acceleration due to gravity 
by use of a pendulum. 
20. Define coefficient of friction. Which is greater, 
coefficient of rolling friction or coefficient of 
sliding friction? A block of wood weighing 13 
pounds slides without acceleration down an inclined 
plane 26 inches long. One end of the plane is 10 
inches higher than the other end. Compute the 
coefficient of friction. 
21. Make sketches of the three classes of levers, in¬ 
dicating numerical values of distances and forces 
so that there will be equilibrium in each case. 
Give the mechanical advantage of force in each case. 
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CODE LIST OF STUDENTS AND GRADES MADE ON TESTS. 
Exp. 1 2 3 4 6 7 9 13 14 16 18 19 20 21 
A116 8 8 10 9 9 7 5 9 9 0 8 9 9 7 
B89 8 5 9 3 0 7 7 2 8 3 0 a 2 7 
B128 10 10 10 10 5 8 10 10 AO 10 10 10 94 10 
B124 9| 8 9 6 5 7 7 94 10 6 10 8 3 8 
B95 9i 7 94 8 0 5 0 a a a a a a a 
B98 9 9 9 7 a a a 6 0 0 0 0 0 2 
B116 9 8 10 94 8 5 a 8 10 a 10 3 7 5 
Bill 10 5 10 3 2 8 a 9 4 0 5 2 3 9 
C120 a a a a a a a 6 10 3 2 3 5 5 
C114 10 9i 0 3 0 9 a 5 6 4 10 0 0 10 
C121 94 8 7 a 10 10 6 5 5 0 10 9 10 10 
C113 10 9 10 10 5 7 5 94 10 0 10 ' 9 4 8 
Chile 10 9 10 8 4 9 6 9 10 9 7 0 5 7 
C118 9 10 9 10 9 9 5 8 10 6 9i 2 2 7 
Coiie 10 10 9 10 4 6 8 9 6 5 9 1 7 94 
C104 10 8 10 10 5 10 7 10 10 10 10 10 3 9 
DUO 5 9 9 8 7 9 7 10 3 9 0 0 2 7 
D107 10 10 10 7 5 8 8 10 10 4 10 5 5 9i 
E109 10 10 10 7 7 10 7 6 10 8 10 4 3 9I 
PallO 5 7 9 5 3 10 7 8 6 5 8 5 a a 
F114 7 10 0 10 4 9 3 8 9 8 6 0 2 8 
PullO Og 10 9 8 0 7 2 8 7 0 10 1 2 4 
G112 8 10 9 9 5 10 7 7 10 8 10 10 8 9 
H118 10 10 10 8 6 10 0 9 7 0 5 9 8 10 
Hill 8 10 9 9 2 10 8 7 8 6 8 8 4 6 
H109 5 8 7 5 0 4 6 3 0 0 7 2 0 7 
H95 5 8 9 a 2 4 4 5 0 10 0 4 0 0 
K109 0 8 9 2 0 0 8 8 3 0 7 10 2 7 
K87 0 0 0 0 0 0 0 2 4 0 0 0 2 0 
M99 8 6 10 5 6 0 0 a a a a a a a 
M106 6 a 10 7 5 5 5 10 5 0 7 0 0 3 
MHO 10 10 9 10 a 9 10 6 10 0 10 10 6 8 
0120 0 10 10 7 8 8 0 10 8 4 10 a 7 a 
P106 10 10 9^ 10 6 a 84 7 10 10 94 9 7 6 
P106 10 7 10 9 4 10 0 9i 10 0 10 10 3 8 
R119 10 10 10 10 7 10 7 9 10 10 6 4 4 3 
R108 0 9 9 9 3 10 a 9i 9 0 7 8 2 7 
SllO 9 7 9 10 10 4 a 9| 10 0 10 5 7 7 
S96 9 10 10 4 4 a a 0 0 0 0 0 0 0 
T122 10 8 10 8 4 8 3 8 5 9 9 3 10 9 
U105 9 7 9 6 9 6 5 7 8 0 9 8 3 8 
W112 10 6 9 10 6 6 3 8 9 0 7 5 2 5 
W95 7 8 9 9 0 7 2 7 5 3 8 7 2 9 
W120 10 10 10 8 4 10 84 9 10 4 7 8 0 10 
10 
Experiment 1* Measurement, 
Code Name of 
Students Scores IQ Diff. Score Diff. 
Plan 1 Plan d i d 1 d 1 d 
T122 B124 10 9i 2 i 
0120 0121 0 94 1 9i 
W180 B119 10 10 1 
H118 0118 10 9 1 
A116 Ooiie 8 10 2 
B116 ohiie 9 10 1 
P114 W112 7 10 2 3 
C114 0112 10 8 2 2 
C113 Hill 10 8 2 2 
Bill DllO 10 5 1 5 
SllO MHO 9 10 1 
PllO PullO 6 94 4i 
H109 E109 5 10 5 
BIOS K109 0 0 1 
D107 H106 10 5 1 5 
P106 BIOS 10 9 1 1 
C104 P105 10 10 1 
H99 B98 8 9 1 1 
H95 S96 5 9 1 4 
B95 W95 9i 7 
Total 2207 2202 1554 16V4 11 6 19 31 
Average 110*4 110*1 77.€ 83*8 
Difference 6.0^ 5 12 
K • 20 
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Experiment 2. Meas\n*ement. 
Code Name of 
Students Scores IQ Dlff. Score Diff. 
Plan 1 Plan d i d 1 d i d 
0120 B124 10 8 4 2 
W120 0121 10 8 1 2 
' ■ 
H118 R119 10 10 1 
A116 C118 8 10 2 2 
B116 Gone 8 10 2 
P114 Chile 10 9 2 1 
C114 W112 9i 6 2 34 
' C113 G112 9 10 1 1 
Bill ELll 5 10 5 
SllO DUO 7 9 2 
PalXO HllO 7 10 3 
SL09 PullO 8 10 1 2 
R108 E109 9 10 1 1 
D107 Ka09 10 a 2 2 
P106 0105 7 7 1 
C104 P105 8 10 1 2 
H99 B98 6 9 1 3 
H96 W95 8 8 
B95 B89 7 5 6 2 
Total 2085 2089 15 6 J 167 11 15 12 J 23 
Average 109.7 109.9 82.4 87.9 
Difference 5.5% 4 io4 
N • 19 
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Experiment Measijrement. 
Code Name of 
Students Scores IQ Dlff. Score Diff. 
Plan i Plan d i d 1 d i d 
T122 B124 10 9 2 1 
0120 C121 10 7 1 3 
W120 R119 10 10 1 
H118 C118 10 9 1 
A116 Coll6 10 9 1 
B116 Chile 10 10 
P114 W112 0 9 2 9 
C114 0112 0 9 2 9 
C113 Hill 10 9 2 1 
Bill DUO 10 9 1 1 
SllO HllO 9 9 
Pa 110 FullO 9 9 
H109 E109 7 10 3 
R108 K109 9 9 1 
D107 Mioe 10 10 1 
P106 U105 10 9 1 1 
C104 P105 10 9i 1 i 
M99 B98 10 9 1 1 
H95 396 9 10 1 1 
B95 W95 9 
1 
s 
Total 2207 2202 172.5 183.5 11 6 11 22 
Average 110.3 110.1 86.2 91.8 
Difference 5.6% 5 11 
N « 20 
13 
Experiment 4« Weight. 
Code Name of 
Students Scores IQ Diff. Score Diff. 
Plan 1 Plan d i d i d i d 
0120 B124 7 6 4 1 
W120 R119 8 10 1 2 
H118 C118 8 10 2 
All 6 coiie 9 10 1 
B116 Chile 9§ 8 ij 
P114 W112 10 10 2 
C114 0112 5 9 2 6 
C113 Hill 10 9 2 1 
Bill DllO 5 8 1 5 
SllO UllO 10 10 
PallO PullO 5 8 3 
H109 E109 5 7 2 
R108 K109 9 2 1 7 
D107 M106 7 7 1 
P106 U105 9 6 1 3 
C104 P106 10 10 1 
H99 B98 6 7 1 2 
B96 S96 8 4 1 4 
Total 1990 1986 135.5 141 11 7 i7i 23 
Average 110.6 110.3 75.3 78.3 
Difference 3^ 4 
N s 18 
14 
Experiment 6* Liquid Pressure. 
N 8 19 
15 
Experiment 7. Archimedes’ Principle. 
Code Name of 
Students Scores IQ Diff. Score Diff. 
Plan i Plan d i d i d 1 d 
0120 B1S4 8 7 4 1 
W120 0121 10 10 1 
H118 R119 10 10 1 
A116 cue 7 9 2 2 
B116 Coll6 5 6 1 
P114 Chile 9 9 2 
C114 W112 9 5 2 4 
C113 G112 7 10 1 3 
Bill Hill 8 10 2 
SllO DUO 4 9 6 
PallO MHO 10 9 1 
P109 PullO 4 7 1 3 
R108 K109 10 10 1 
D107 K109 8 0 2 8 
P106 M106 10 5 5 
C104 U105 10 6 1 4 
H96 W95 4 7 3 
B95 B89 5 7 6 2 
Total 1986 1992 138 136 9 15 23 21 
Average 110.5 110.7 76.' 7 76.6 
Difference 1.1^ 6 2 
N = 18 
16 
Experiment 9. Specific Weight of Solids. 
t 
Code Name of 
Students Scores IQ Dlff. Score Dlff. 
Plan 1 Plan d 1 d 1 d 1 d 
B128 B124 10 7 4 3 
T122 C121 5 6 1 3 
0120 R119 8 7 1 1 
W120 C118 Bi 6 2 
H118 Chile 0 6 2 6 
A116 W112 5 3 4 2 
P114 0112 5 7 2 4 
C113 Hill 5 8 2 3 
PallO DUO 7 7 
H109 PullO 6 2 1 4 
D107 E109 8 7 2 1 
P106 K109 0 8 3 8 
C104 H106 7 5 2 2 
M99 0105 0 5 6 5 
H95 P105 4 10 
B95 W95 0 2 2 
Total 1776 1782 74j 9Sh 18 24 lei 35i 
Average 111*0 111.5 46.6 58.4 
Difference 11.8^ 6 19 
N « 16 
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Experiment 13. Hooke*s Law. 
Code Name of 
Students Scores M Diff. Score Diff. 
Plan d Plan i d 1 d 1 d 1 
B128 B124 10 94 4 4 
T122 C121 8 6 1 3 
0120 C120 10 6 4 
W120 R119 . 9 9 1 
H118 C118 9 8 1 
All 6 Coll 6 9 9 
B116 Chile 8 9 1 
P114 W112 8 8 2 
C114 0112 6 7 2 2 
C113 Hill 7 2 2i 
Bill DUO 9 10 1 1 
3110 MllO 94 . 6 34 
PallO PullO 8 8 
H109 E109 3 6 3 
D107 K109 10 8 2 2 
P106 H106 94 10 4 
C104 0105 10 7 1 3 
H95 P105 6 7 10 2 
Total 2033 2033 1494 1394 13 13 194 
Average 112.9 112.9 83.1 77.5 
Difference 6.6^ 10 
N . 18 
Experiment 14. Concxirrent Forces. 
Code Name of 
Students Scores IQ Diff. Score Dlff. 
Plan d Plan 1 d 1 d 1 d i 
T122 B124 5 10 2 5 
0120 C121 8 5 1 3 
W180 C120 10 10 
H118 R119 7 10 1 3 
A116 C118 9 10 '2 1 
B116 coiie 10 6 4 
F114 W112 9 9 2 
C114 G112 5 10 2 6 
C113 Hill 10 8 2 2 
Bill DUO 4 3 1 1 
SllO MHO 10 10 
PallO PullO 6 7 1 
H109 E109 0 10 
# 
10 
R108 E109 9 '3 1 6 
D107 M106 10 5 1 6 
P106 U105 10 8 1 2 
C104 P105 10 10 1 
Total 1918 1917 152 134 9 8 23 25 
Average 112•2 112.2 77.6 78.8 
Difference 1.2!( 1 2 
S = 17 
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Experiment 16« Resolution of Forces. 
Code 
Stu 
Name of 
dents Scores IQ Diff. Score Diff. 
Plan d Plan 1 d 1 d i d 1 
B128 B124 10 5 4 5 
T122 C121 9 0 1 9 
0120 C120 4 3 1 
va2o R119 4 10 1 6 
H118 C118 0 6 5 
A116 Gone 0 6 5 
P114 Chile 8 9 2 1 
C114 W112 4 0 2 4 
C113 0112 0 8 1 8 
Bill Hill 0 5 5 
SllO DUO 0 9 9 
Pal 10 MHO 5 0 6 
H109 mio 0 0 1 
R108 E109 0 8 1 8 
D107 K109 4 0 2 4 
P106 M106 0 0 
C104 U105 10 0 1 10 
Total 1930 1928 68 67 9 7 38 47 
Average 113*5 115*4 54*1 39.4 
Difference 5.3*^ 2 9 
N « 17 
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Experiment 18. Several Parallel Forces. 
Code Name of 
Students Scores IQ Diff. Score Diff. 
Plan d Plan i d i d i d i 
T122 B124 9 10 2 1 
0120 C121 10 10 1 
<a20 C120 7 2 5 
HllS R119 5 6 1 1 
A116 0118 8 9i 2 
B116 Coll6 10 9 1 
F114 Chile 6 7 2 1 
C114 W112 10 7 2 3 
C113 Hill 10 8 2 2 
Bill DUO 5 0 1 6 
SllO MllO 10 10 
PallO PullO 8 10 2 
H109 E109 7 10 3 
R108 rao9 7 7 1 
D107 M106 10 7 1 3 
P106 U105 10 9 1 1 
C104 P105 10 94 1 i 
Total 1918 1921 142 131 7 10 zoh 94 
Average 112.8 113.0 83, .5 77.1 
Difference 6.4^ 3 11 
« 17 
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Experiment 19* The Penduliam. 
Code Name of 
Students Scores IQ Diff. Score Diff* 
Plan d Plan i d 1 d 1 d i 
B128 B124 10 8 4 2 
T122 C121 3 9 1 6 
WISO C120 8 3 5 
H118 R119 9 4 1 5 
A116 C118 9 2 2 7 
B116 Colls 3 1 2 
P114 Chll6 0 0 2 
C114 W112 0 6 2 5 
C113 G112 9 10 1 1 
Bill Hill 2 8 6 
SllO DUO 5 5 
PallO MllO 5 10 5 
H109 PullO 2 1 1 1 
R108 E109 8 4 1 4 
D107 K109 5 10 2 5 
P106 U105 10 8 1 2 
C104 P106 10 9 1 1 
Total 1926 1927 98 92 9 10 34 28 
Average 113*3 113.4 .87* 6 54.1 
Difference 3.5^ 1 6 
N . 17 
22 
Experiment 20* Coefficient of Friction* 
Code Name of 
Students Scores IQ Diff. Score Diff* 
Plan d Plan i d i d i d i 
B128 B124 3 4 6i 
T122 C121 10 10 1 
0120 C120 7 5 2 
va2o R119 0 4 1 4 
E118 cue 8 2 6 
All 6 Coiie 9 7 2 
B116 Chile 7 5 2 
P114 W112 2 2 2 
C114 0112 0 8 2 8 
C113 Hill 4 4 2 
Bill DUO 3 2 1 1 
SllO MHO 7 6 1 
H109 PullO 0 2 1 2 
R108 E109 2 3 1 1 
D107 K109 5 2 2 3 
P106 M106 3 0 3 
C104 TJ105 3 3 1 
H95 P105 0 7 10 7 
Total 2031 2033 79^ 75 13 15 26i 22 
Average 112*8 112*9 44*2 41*7 
Difference 2.5;J 2 4i 
K s 18 
23 
Experiment 21, The Lever* 
Code Nam© of 
Students Scores IQ Diff. Score Diff* 
Plan d Plan i d 1 d i d 1 
B128 B124 10 8 4 2 
T122 C121 9 10 1 1 
W120 C120 10 5 5 
H118 R119 10 3 1 7 
A116 C118 7 7 2 
B116 coiie 5 94 44 
P114 W112 8 6 2 3 
C114 G112 10 9 2 1 
C113 Hill 8 6 2 2 
Bill DUO 9 7 1 2 
SllO MllO 7 8 1 
H109 PullO 7 4 1 3 
R108 E109 7 9i- 1 i4 
D107 K109 9| 7 2 
P106 M106 8 3 5 
C104 D105 9 8 1 1 
H95 W96 0 9 9 
_ 
Total 1911 1907 133§ 118 12 8 32i 17 
Average 112*4 112*2 78.5 69 *4 
Difference 9.1; 4 15-4 
N » 17 
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SUMMART OP DATA ACCORDING TO EXPERIMENTS 
Exp. R Class IQ Stun Glass IQ Av. Av. Score % Dlff. 
1 d 1 d 1 d i d 
1 20 2207 2202 110.4 110.1 77.8 83.8 6.0 
2 19 2085 2089 109.7 109.9 82.4 87.9 5.5 
3 20 2207 2202 110.3 110.1 86.2 91.8 5.6 
4 18 1990 1986 110.6 110.3 75.3 78.3 3.0 
6 19 2086 2083 109.5 109.7 43.7 47.4 3.7 
7 18 1986 1992 110.3 110.7 76.7 75.6 1.1 
9 16 1776 1782 111.0 111.3 46.6 58.4 11.8 
Total 130 14,336 14,336 771.8 772.1 488.7 523.2 1.1 35.6 
Average 110.3 110.3 110.3 110.3 69.8 74.7 
Difference 5% 
d 1 d 1 d 1 d i 
13 18 2033 2033 112.9 112.9 83.1 77.5 5*6 
14 17 1918 1917 112.2 112.2 77.6 78.8 1.2 
16 17 1930 1928 113.5 113.4 34.1 39.4 5.3 
18 17 1918 1921 112.8 113.0 83.5 77.1 6.4 
19 17 1926 1927 113.3 113.4 57.6 54.1 3.5 
20 18 2031 2033 112.8 112.9 44.2 41.7 2.5 
21 17 1911 1907 112.4 112.2 78.5 69.4 9.1 
Total 121 13,667 13,666 789.9 790.0 458.6 438.0 27.1 6.5 
Average 112.9 112.9 66 63 
Difference 
- 25 - 
Pinal average of students watching class demonstration 
705^ 
Pinal average of students doing experiments individually 
665^ 
Net ^ difference At% 
- 26 - 
SUMMARY OP DATA ACCORDING TO STUDENTS 
Test 1 Test S % Dlff. Test 1 Test 2 % Dlff. 
• 
1 ' d d i 
A116 
o
 
00
 
73 7 B89 56 37 19 
B128 90 99 9 B124 74 76 2 
B116 82 72 10 B98 85 11 74 
Bill 63 46 17 C121 84 70 14 
C114 53 49 4 Chile 80 67 13 
C113 80 72 8 C118 87 62 25 
C104 86 89 3 Coll6 81 66 15 
^DIOV 83 76 7 DUO 77 44 33 
PalK ) 66 64 2 E109 87 72 15 
P114 61 59 2 PullO 65 46 19 
H118 77 69 8 0112 83 89 6 
H109 50 27 23 Hill 80 66 14 
H95 53 27 26 : ■ ” K109 39 53 14 
0120 61 78 17 H106 62 36 26 
P106 71 72 1 MHO 97 71 26 
R108 67 61 6 P105 90 84 6 
SllO 82 69 13 R119 91 66 25 
T122 73 76 3 U105 73 61 12 
W120 86 69 17 W112 70 51 19 
W95 60 59 1 
Average 72 66 76 59 
Difference 6% X'7% 
N « 19 N * 20 
- 27 
Average drop in grades of students d to i 
Average drop In grades of students i to d 
- \i% 
6% 
28 
A COMPARISON OP Tm TWO GROUPS USING AVERAGE SCORES. 
% Average Diff. % Average Diff. 
i 
\ 
d i d d i d 1 
T122 B124 73 74 1 76 76 
0120 C121 61 84 23 78 70 8 
W120 R119 86 91 5 69 66 3 
H118 C118 77 87 10 69 62 7 
A116 Coll6 80 81 1 73 66 7 
B116 Chile 82 80 2 72 67 5 
P114 W112 61 70 9 59 51 8 
C114 0112 53 83 30 49 89 40 
C113 Hill 80 80 72 66 6 
Bill DUO 63 77 14 46 44 2 
SllO MHO 82 97 15 69 71 2 
PallO PullO 66 65 1 64 46 18 
H109 E109 50 87 37 27 72 45 
R108 K109 67 39 28 61 53 8 
D107 M106 83 62 21 76 36 40 
P106 U106 71 73 2 72 61 11 
C104 P106 86 90 4 89 84 5 
H96 B98 53 85 32 27 11 16 
Total 2013 2011 1274 1405 52 183 1148 1091 144 87 
Average 71 78 64 61 
Difference 7% 3^ 
This table indicates in the first series of experiments 
that the students working according to plan d were 1% 
better than those under plan i, and in the second series 
the d group did Z>% better, which makes a final average 
«* 29 
of 5% in favor of plan d* 
A. ^iff. i ¥y vor- ^l<x v\ ^ ^ ^ 
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DISCUSSION OP DATA 
On page 9 ia a list of students according to 
code names and the grades which they received on 
the questions pertaining to each experiment. An 
’*a” indicates that a student was either absent 
at the time of the experiment or when the test was 
given. The case of K87 was thrown out because of 
his attitude in taking the tests. He refused to 
try to do anything. He claimed that he learned 
nothing while doing the experiments with two other 
boys because they did all the work. This last 
argument is in favor of plan d but his marks in¬ 
dicate that he learned next to nothing in both cases. 
M99 and B95 left school because of low standing and 
did not take the second test. The marks of 396 were 
disregarded in the second teat because of his attitude. 
He wrote his name, drew a few lines in his examination 
book and gave up. As a result of the throwing out of 
these cases the pairing of the students is different 
in different experiments. 
In my first analysis of the figures, the marks 
of K87 and S96 were considered, with the result that 
there was an 6^ advantage in favor of plan d. With 
the present analysis their marks were not considered 
which made a change in the pairing of the cases and 
the advantage in favor of plan d became less. This 
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would indicate that the number of cases considered 
is too small to prove anything. 
A summary of results of all experiments accord¬ 
ing to students is on page 26. This shows that the 
second test was harder than the first but that the 
decrease in average grades for students changing 
from plan i to d was eleven points less than the 
decrease for those who changed from plan d to plan i. 
The table on page 28 takes an average of all 
experiments as a unit. This Indicates an advantage 
of 5^ in favor of plan d. 
The graphs on page 30 indicate a 4^ average 
in favor of plan d although results of experiments 
7, 14, and 16 Indicate the opposite. 
A study of the data summarized on page 24 or 
a glance of the graph on page 30 shows that in general 
the students working according to plan d understood 
the important ideas of the experiments better than 
those who worked according to plan i. Of coiirse 
both classes would have made higher scores if they 
had known a day or two before that the tests were 
going to be given, but the tests were given to find 
out what they had learned rather than what they 
could learn the night before. 
The results indicate that experiments 6, 9, 
16, and 20 were poorly understood by both classes, 
also that the two classes made practically eqiml 
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grades In experiments 14 and 16* These experiments had 
to do with composition and resolution of forces and I 
have found that students always have great diffictilty 
with this topic# Both classes were drilled exten** 
sively on this topic during recitation periods and 
what little they learned must have been in the reci¬ 
tation period which means that different methods of 
laboratory procedure made little difference in scores# 
Another point to notice is that the difference 
in scores for the second series of experiments was 
less than the difference of scores for the first 
series* This may indicate that the demenstrational 
method la of more value at the beginning of labora*-^ 
tory work than later on# 
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CONCLUSION 
My conclusion is that under circumstances 
existing at Kimball Union Academy, and for students 
who are beginning laboratory work in physics, and 
as an aid to obtaining a higher rating on College 
Board Examinations, the demonstrational plan of 
laboratory procedure is better than the individual 
plan. 
I realize that the number of cases considered 
is far too few to prove anything; also that the 
tests used were not testied as to reliability. 
Before making a general conclusion similar to the 
above restricted conclusion one would have to 
prove the reliability of tests used and increase 
the number of cases considered. 
The work done thus far merely indicates that 
much more work could be done by way of evaluating 
the two methods of laboratory procedure. 
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